ABSTRACT. The Amfissis cultivar olive fruits grown in the region of Larissa, central Greece, were studied for the changes in total polyphenol content, phenolic fractions and antioxidant capacity during maturation period (four months). It has been established that the total phenol content and antioxidant capacity, change in broad ranges depending on the ripening stage of fruits. The content of total phenols in the Amfissis cultivar during maturation varied from 3.9 to 11.9 mg (GAE) g 
INTRODUCTION
The fruits are natural reservoir of phenolic compounds and natural antioxidants [1] [2] [3] . Olea europaea L. is a tree widely cultivated in the Mediterranean area for oil production and for table olives production. Table olives are a traditional Greek product, important component of the Mediterranean diet. Olive fruits are rich in flavonoids, secoiridoids, phenolic acids and phenolic alcohols [4] [5] [6] [7] which exercise high antioxidant activity. Olives cultivar Amfissis are used usually as table olives and to a lesser degree for oil production.
Phenolic compounds influence the sensory properties of the olive fruits. Oleuropein is a phenolic compound from olives responsible for their bitterness [8] [9] [10] . The inclusion of table olive in a diet reduces the risk of cardiovascular and some cancer diseases [11] [12] .
Important changes in phenolic content and antioxidant activity during fruits development was reported [3] . The concentration of oleuropein in the olive fruit decreases with development and maturation of fruit [9, 13] . The changes in phenolic composition during the maturation of olive fruits are due to hydrolysis of glycosides, oxidation and polymerization of phenolic compounds [14] [15] .
The aim of this study was the determination of phenolic content and antioxidant activity, in different stages of maturation of Amfissis cultivar fruits grown on the region Sykourio, Larissa, Greece.
RESULTS AND DISCUSSIONS
Soil samples collected from olive orchard were analyzed for inorganic nutrient element (N, P, K, Mn, Zn and Cu) and organic matter content. The soil was a Sandy Loam (SL), with high content in organic matter and nutrients (Table 1) . Figure 1 shows that the concentration of total phenols increased continuously (from 3.9 to 10.1 mg (GAE) g -1 FW) between the first sampling in August (green color fruits) until the time of the fourth sampling in October (reddish-purple color fruits). Then, during ripening between fourth (reddishpurple color) and fifth sampling (purple-black color), the concentration of total phenols showed a stagnation. However, in the last phase of maturity, corresponding to the period between of the purple-black color and of the black color (harvest season), the concentration of total phenols increased again and reached the maximum value (11.9 mg (GAE) g -1 FW).
To the same conclusions arrived some researchers which studied the change in the total phenolic content during ripening for some olive fruits from Tunisia [16] . Contrary, decrease of the content total phenolic during ripening of olive fruits for some cultivars of Italy observed by [14, [17] [18] [19] . In addition, decrease total phenols during ripening for some cultivars of Australian observed by [20] . These differences in the variability of total phenols likely due to the different cultivars, in soil and climatic conditions of each region. The variation of the content of flavonoid phenols during ripening of olive fruit was similar to that of total phenols. The content of flavonoid phenols ranges from 3.12 to 9.47 mg (GAE) g -1 FW (Figure 1 ). The lowest content of FP was determined the time period of the first sampling (green color), and the highest the time period of the harvesting (black color). The FP content in the olive fruit during the second sampling (green color) constitutes 80.90% of TP amount, whereas during the third sampling (rosy color) it is lower and reached 77.01 %.
The flavonoid phenols (FP) cover a great number of phenolic compounds in the olive fruits, from which prevail the fractions of flavones and flavonols, and exhibit different functions. The content flavones (luteolin, luteolin 7-O-glucoside, apigenin) and flavonols (rutin and quercetin) showing different changes during ripening of olive fruit [13] .
The content of non-flavonoid phenols during ripening of olive fruit ranges from 0.78 to 2.43 mg (GAE) g -1 FW. The lowest content of FP was determined the time period of the first and second sampling (green color fruits), and the highest the time period of the harvesting (black color fruits) (Figure 1 ). The scavenging effect of Amfissis olives was also examined using different concentrations of extracts in 80% methanol (Figure 2) . The results are expressed as percentage of the absorbance decrease of DPPH• solution in the presence of different concentrations of extracts to the absorbance of DPPH• solution.
From the Figure 2 we can observe that the increase of inhibition percentage DPPH• is function of increasing concentration of the extract, for all phases of maturation.
The concentration of the extract required to reduce the absorbance of solution DPPH• 50%, constitutes the inhibition concentration (IC 50 ). The lowest inhibition concentration (IC 50 ) corresponds in the highest antioxidant capacity. Figure 3 shows that the inhibition concentration (IC 50 ) of extract during maturation of the olive fruit in all stages ranges from (735 to 130) mg/l. The lowest inhibition concentration (highest antioxidant capacity) was observed in the collection stage of the olive fruits (black color). The correlation between the inhibition concentration (IC 50 ) of the extracts during maturation of the olive fruit and the contents of ТР was high, with correlation coefficient (r 2 ) equal to: 0.972. Our results are in agreement with the data obtained by other authors which reported decrease of value (IC 50 ) during maturation of the olive fruit [21] . These values show that the Amfissis olives have highest antioxidant capacity during maturation from some olives cultivars of Tunisia [21] . Contrary, increase of the value (IC 50 ) during maturation of the olive fruit observed by other authors [19] . These differences in the antioxidant capacity of the olive fruit during maturation, due in the quantitative composition of polyphenols and in structure of individual compounds, as a result of the cultivar and climatic factors [13, 22] .
Each characteristic of the graph with the same letter do not differ significantly according to the Tukeyʼs test (P=0.05).
CONCLUSIONS
Flavonoids, non-flavonoids, total phenols content and antioxidant capacity of the table olive Amfissis vary with stages maturation, demonstrating the importance of behavior of the Amfissis cultivar. Contrary with most olive varieties, the Amfissis cultivar in the region Larissa, presents the highest total phenolic compounds content and antioxidant activity at the harvest stage (10 December).
The obtained results have a direct impact on the harvesting date of the table cultivar Amfissis, influencing the sensory properties and the quality of the olive fruit.
EXPERIMENTAL SECTION Experimental
The study was carried out in the olive orchard Papadoulis in an area located in region Sykourio, Larissa, Greece, (latitude 39°43'30"N, longitude 22°44'30"E, 270 m altitude), during the 2015-2016 season. The climate in the area is Mediterranean, with cold rainy winters, average (5-7) 0 C, dry hot summers, average (25-28) 0 C and average annual precipitation 432 mm. In the olive orchard, the Amfissis cultivar grown, 1970 the planting took place with 7m distance tree from tree and 7.5 m distance line from line. 50 kg manure corresponding to 1.10 kg Nitrogen, 0.95 kg Potassium, 0.35 kg Phosphorus and 11.5 kg Organic matter per tree added, and 2000 m3 irrigation water per hectare added.
Olives samples were collected from the beginning of development and at different stages of maturation of olive Amfissis, where are observed changes in fruit color with the appearance of the green color (1 August, 90 days from start of flowering), green color (120 days from start of flowering), of the rosy color (140 days from start of flowering), of the reddish purple color (160 days from start of flowering), of the purple-black color (190 days from start of flowering), and black color (220 days from start of flowering). Two trees were chosen, and were sampled of olive fruits half kilogram with four replicates from each tree, from all the orientations and without type of disease.
Preparation of the methanol extracts
The flesh was separated from the kernel and 100 g of flesh for each treatment were subjected to freeze drying for further extraction and determination of humidity. The dry mass was crushed and stored in clean bottles in refrigeration [23] . Two g of dry sample was extracted two times with 50 mL of 80% aqueous methanol for 24 h at 150 rpm, the methanolic extracts were combined and washed two times with 25 mL n-hexane in order to eliminate the oil of the methanolic extract [24] . The separation of the phases was performed with separating funnels. Subsequently the methanolic extract was evaporated under nitrogen, and the residue was dissolved in 50 mL of 80% aqueous methanol, stored in clean bottles in refrigeration in the dark until its use.
Methods of analyses
Soil was analyzed using the following methods which are referred by Page (1982) [25] .
Organic matter was analyzed by chemical oxidation with 1 mol L -1 K 2 Cr 2 O 7 and titration of the remaining reagent with 0.5 mol L -1 FeSO 4 .
Inorganic nitrogen was extracted with 0.5 mol L -1 CaCl 2 and estimated by distillation in the presence of MgO and Devarda's alloy, respectively. Available P forms (Olsen P) was extracted with 0.5 mol L -1 NaHCO 3 and measured by spectroscopy. Exchangeable form of potassium was extracted with 1 mol L -1 CH 3 COONH 4 and measured by flame Photometer (Essex, UK).
Available forms of Mn, Zn, and Cu were extracted with DTPA (diethylene triamine pentaacetic acid 0.005 mol L -1 + CaCl 2 0.01 mol L -1 + triethanolamine 0.1 mol L -1 ) and measured by atomic absorption. The samples were analyzed by Atomic Absorption (Spectroscopy Varian Spectra AA 10 plus, Victoria, Australia), with the use of flame and air-acetylene mixture [26] .
